PALAVRAS-CHAVE: Morfometria, célula epitelial, inseto, broca da cana, mesêntero ABSTRACT -The sugarcane borer, Diatraea saccharalis Fabricius, has great economical interest as it affects the culture and industrial use of the sugarcane. However, there are few studies concerning the internal morphology of this insect. This work aims to study morphometrically the midgut and the epithelium along their lenght, trying to characterize different regions. Midgut of last instar larvae was divided in three regions: anterior, middle and posterior, and the fragments were processed for light microscopic observation. Histological sections were analyzed in a computerized system concerning the length, width and area of the epithelium, their cells, and the midgut lumen. The obtained data were statistically analyzed by the Kruskal-Wallis test and by multivariate analysis. Our results showed that the midgut has two different regions, the anterior and the posterior; the middle region presents values that are coincident with the ones of either the anterior and the posterior portions, suggesting that there is an intermediate region between the other two ones. The epithelial cells (columnar, goblet and regenerative cells), when evaluated by multivariate analysis, do not present significant morphometric differences in the different midgut regions. However, the analysis of variance for separate variables show that the regenerative cells present wide morphometric variability along the midgut.
with the columnar cells in ionic homeostasis and metabolite absorption (Lello et al. 1984 , Chiang et al. 1986 . Scattered throughout the epithelium there are relatively undifferentiated regenerative cells found singly, paired or in group (Turbeck 1974 , Cavalcante & Cruz-Landim 1999 . The scarce endocrine cells are variable in shape being pyramidal, bowlshaped, oval or fusiform (Andries & Beauvillain 1988 , Cavalcante & Cruz-Landim 1999 .
Although all cell types can be found in the midgut extension, many works suggest that the distribution, morphology and function of these cells may be variable along the midgut length (Cioffi 1979 , Lello et al. 1984 , Santos et al. 1984 , Chiang et al. 1986 , Lehane & Billingsley 1996 , Cristofoletti et al. 2000 . These morphological differences are mainly detected at ultrastructural level for all the cell types (Cioffi 1979 , Lello et al. 1984 , Santos et al. 1984 , Lehane & Billingsley 1996 .
The sugarcane borer, Diatraea saccharalis Fabricius, is a serious pest of sugarcane and many others crops including maize, sorghum, corn and rice (Long & Hensley 1972) . Preliminary study showed that their columnar epithelial cells present differences in the ultrastructural organization that can be related with their localization in the midgut (Pinheiro & Gregório 2001) . This finding has been previously described for other Lepidoptera, such as Manduca sexta L. (Cioffi 1979) , Spodoptera frugiperda Smith (Jordão et al. 1999) and Erinnyis ello L. (Santos et al. 1984) .
However, there are few morphometric studies of the epithelial cells along insect midgut, most of them in Diptera (Nopanitaya & Misch 1974 , Wood & Lehane 1991 , Andrade-Coeho et al. 2001 , few of them in Heteroptera (Ranjini & Mohamed 2000) and Hemiptera (Billingsley 1988), but none in Lepidoptera.
This work aims to study morphometrically the midgut of the D. saccharalis larvae. Measurements of the midgut, their lumen and epithelium, as well as of the columnar, goblet, and regenerative cells were obtained along their lenght, in an attempt to distinguish differential regions in this organ.
Material and Methods
D. saccharalis larvae were reread on artificial diet (Hensley & Hammond 1968) and maintained under controlled temperature (25-27 o C) and humidity (70%). Fifty insects at the beginning the last larval instar (12-17 days of development) were dissected under stereomicroscope and the midgut were immediately fixed in 2% glutaraldehyde-4% paraformaldehyde solution in 0.1 M phosphate buffer (pH 7.3) for 24h.
The midgut was equally divided in three fragments, named anterior, middle and posterior regions. These fragments were processed and embedded in Historesin (JB4-Polysciences); tissue sections were stained either with Toluidine blue (Pearse 1972) or with Schiff's reagent-Bromophenol blue-Ehrlich's haematoxylin (Coello 1989) .
Histological cross sections were morphometrically analyzed in computerized system for analysis of images (QWin Lite 2.5 -Leica), adapted in a DMLB light microscope (Leica). The measurement obtained were: 1 -the larger (LAx) and smaller (SAx) axis, and the area (A) of the a) lumen; b) each epithelial cell type and their nucleus; and c) midgut (epithelium + lumen); 2 -the height (H) of the epithelium, expressed as the mean, as well as the maximum (H Max ) and the minimum (H Min ) values of 20 measurements throughout the midgut perimeter. All measurements were taken in the central region of either the cell or the midgut lumen.
The obtained data were statistically analyzed by the Kruskal-Wallis test, and the difference among the groups was determined by the Dunn's method, using the Sigma-Stat 2.0 software. Significance level was established at 5%. The multivariate analysis, accomplished by the MVSP 3.2 software, was also used to compare the lumen and the different epithelial cell types in the different regions of the midgut.
Results
The D. saccharalis midgut is a simple tube composed by a single layered epithelium delimiting the lumen (Fig. 1A) ; different cell types, mainly the columnar, goblet, and regenerative cells constitute the midgut epithelium (Fig. 1B) . The height of the epithelium is quite variable in each of the three studied regions (Table 1) ; there are differences as much as twice between the H Max and H Min obtained in the same region. However, there is no significant difference among the different regions concerning the H and the H Max values, but the H Min of the anterior and middle regions are significantly different. For the intestinal lumen, the LAx and SAx of the middle and posterior regions are similar amongst themselves, but these measurements of both regions differ significantly from the one of the anterior region; the same differences among the three regions are detected for the midgut (epithelium + lumen).
The multivariate analysis of the data concerning the measurements of the midgut lumen ( Fig. 2) shows that the midgut has two different regions, the anterior and the posterior. The middle region presents values that are coincident with the ones of either the anterior region or the posterior region, as well as different values from these two regions.
The analysis of variance (Table 2) shows that some of the separate measurements taken from the different epithelial cells are variable along the midgut. In the columnar cells, most of the variables are not significantly different between the anterior and middle regions; however, the LAx of the cell, and the SAx and the A of their nucleus from both of the anterior and middle regions were different of the ones from the posterior region. The goblet cells show little variability among the midgut regions; the LAx of the cell and their nucleus in the anterior region are significantly different from the ones of both the middle and posterior regions. The regenerative cells are morphometric variable along the midgut; the SAx and the A of the cell and of their nucleus in the anterior and posterior regions are significantly different, and these values for the middle region do not differ from the ones of the anterior and posterior regions.
The multivariate analysis of the data concerning all the measurements of the epithelial cells in the midgut shows that the columnar, goblet, and regenerative cells do not constitute morphometrically different cellular populations in the three analyzed midgut regions. 
Discussion
The morphometrical evaluation of the D. saccharalis midgut (the epithelium and the lumen) showed that the anterior and the posterior regions are distinct; the middle region present intermediate values between the anterior and the posterior one, suggesting that this portion of the midgut may be considered a transition. Studies on the insect midgut morphometry, at light microscopy level, do not exist in the literature. Our results confirmed the general idea that the long midgut of the insect larvae are structurally differentiate along their lenght, as suggested by ultrastructural observations (Cioffi 1979 , Lello et al. 1984 , Santos et al. 1984 .
However, when each individual epithelial cell type was morphometrically analyzed in the three midgut regions, it was not possible to characterize differences in the cells along the midgut. The multivariate analysis compares two or more parameters, using as much as possible numeric variables for these entities. Moço et al. (2002) used this analysis in the identification and characterization of Hepatozoon, a protozoa that parasites snake erythrocytes; measuring cellular and nuclear variables (length, width and area), these authors were able to identify different populations of this blood parasites.
Preliminary report on the ultrastructure of the columnar cells in the sugarcane borer (Pinheiro & Gregório 2001) showed differences in their subcellular organization that could be related with the localization along the midgut lenght; these differences were mainly related with the apical cytoplasmic projections, the amount of mitochondria and of the basal membrane infoldings. However, our present results suggest that these ultrastructural characteristics did not interfere in the morphometric parameters analyzed for this cell and their (Nopanitaya & Misch 1974) . The application of multivariate analysis, presented in this paper, may also be an important tool for a better interpretation of the physiologic, sexual and ontogenetic differences, as showed by the authors above.
The endocrine cells were not considered in our study, as they are scarce and very difficult to be identified at light microscopy level, mainly using conventional staining techniques (Endo et al. 1983 , Montuenga et al. 1989 . The small number of endocrine cells in the midgut epithelium were also described for many insect species (Andries & Beauvillain 1988 , Montuenga et al. 1989 .
The regenerative cells presented wide morphometric variability in the different midgut regions. Our data showed that there are difference among these cells comparing the anterior and the posterior regions 
